We have cloned and sequenced the L1 and L2 genes from human papillomavirus type 16 (HPV16) DNAcontaining cervical cytology samples collected from the U.K. and Trinidad. Samples containing high copy numbers of HPV16 DNA were selected as being likely to contain fully functional virus DNA molecules in an episomal state, rather than in an integrated and possibly altered state. In comparison with the previously published sequence of HPV16 isolated from an invasive cancer a variety of differences were detected in both L1 and L2. The pattern of changes appears to be different in samples from the two geographic regions. One of the differences (resulting in D at position 202 of the L1 protein) reported recently to be functionally important for virus particle assembly was found to occur in all the samples examined. Variations in LI found within known immunoreactive regions or hydrophobic domains should be taken into account in design of prophylactic vaccines for HPV16 based on virus-like particles. All variations within L2 protein were found in hydrophilic domains in the carboxy-terminal half of L2. These positions were highly variable among other types ofpapillomavirus and are located outside the known L2 immunoreactive region.
Infection of the human cervix with human papillomavirus type 16 (HPV 16) is strongly associated with cervical cancer (Diirst et al., 1983; Fuchs et al., 1988) . The main targets for potential prophylactic vaccines against HPV16 would be the major (L1) and minor (L2) coat proteins of the viral particle (for a review, see Crawford, 1993) . Papillomavirus particles are T = 7 icosahedral structures composed of 72 pentameric capsomers of the major coat protein L1 (Baker et al., 1991) . Both L1 and L2 are products of virus iate genes directing the synthesis of coat proteins in the superficial cell layers of the cervix which then undergo assembly into progeny virions in nuclei of dying cells. Unlike low-risk HPV types (such as HPV6 and -ii) HPV16 produces low yields of virus particles even in naturally occurring lesions. Therefore, virus-like particles that are candidates for antiviral vaccines have been produced by recombinant vaccinia virus vectors (Zhou et al., 1991) and baculovirus vectors (Xi & Banks, 1991; Kirnbauer et al,, 1993) . However, yields of these particles have generally been low. This may be either intrinsic to HPVI6 or a consequence of the sequence of the virus DNA as initially isolated (Dfirst et t Permanent address: Institute of Molecular Biology, 53 Krustpils Street, Riga LV1065, Latvia. al., 1983) . Since the cloned DNA most widely used came from an invasive cancer rather than from a lesion producing virus particles, there is no guarantee that the L1 and L2 genes were functional in this isolate, i.e. capable of generating proteins that can assemble correctly to give infectious virus particles.
In order to identify the consensus genotype(s) of HPV 16 L1 and L2 occurring in high copy number lesions of infected individuals, we cloned and sequenced the L1 and L2 genes from HPV16 DNA-containing samples collected earlier from the U. K. (s23, s27, s29, s83, s93, s99, s108) and Trinidad (t3, t17, t45, t49) , as part of a survey of the prevalence of HPV in these regions (Cuzick et aL, 1992) . The cell pellets from cervical cytology samples were treated with SDS and protease K, extracted twice with phenol-chloroform and once with chloroform and then ethanol-precipitated. After RNase digestion the phenol extraction and ethanol precipitation steps were repeated, with a final yield of approximately 2 lag of DNA per mg of tissue. High copy number samples (more than 100 fg HPV16 DNA per sample) were selected for PCR. These were derived from cases of cervical intraepithelial neoplasia grade 3 in the U.K. and from women attending a clinic for routine screening in Trinidad. Usually, HPV16 DNA from 1 lal of sample was amplified by PCR using Thermus flavus polymerase 0001-2109 © 1994 SGM 
* Substitution at nt 6178 changes codon AAT to ACT and N to T at aa 181 of L10RF (single-letter aa code is used).
t According to the nature of the amino acid side groups. $ Occurrence (in parenthesis) of the aa in the corresponding position of 15 L1 proteins most similar (63.9 to 100%) to L1 of HPV16.
(Stratagene), according to the manufacturer's instructions. Primers adjacent to 5' and 3' ends of the genes directed synthesis of the full-length L1 and L2 genes. These were 5' GCGCGATATCATGTCTCTTTGGCT-GCCTAGTGAG 3' and 5' GCGCGTCGACTTACA-GCTTACGTTTTTTGCGTTTAG 3' for the L1 gene and 5' CCCGGATATCATGCGACACAAACGTTCT-GCAAAACGC 3' and 5' CCCGGTCGACCTAGGC-GGCCAAAGAGACATCTGAAA 3' for the L2 gene. The PCR reaction mixtures were extracted with chloroform, and DNA was ethanol-precipitated and cleaved with EcoRV and SalI enzymes for which the recognition sites were present in the PCR primers. The L1 or L2 DNA fragments were isolated from agarose gel using a Promega Magic PCR purification kit and cloned into EcoRV-SaII-cleaved pBSK 19 vector. Recombinant plasmids were amplified in Escherichia coli DH5c~ strain, and sequenced using the Pharmacia T7 Sequencing Kit. As a result, the complete sequences of 10 L1 genes and 10 L2 genes were determined. Compared with the published HPV16 sequence (Seedorf et al., 1985) a number of differences were found (Tables 1 and 2 ). The sequence differences were unlikely to be due to PCR artefacts, since they were only accepted as genuine if two or more independent clones from the same isolate showed the same variant sequence. Such an approach has been previously used for identification of HPV16 molecular variants (Chan et al., 1992a) . The numbering of the sequences below corresponds to the published sequence (Seedorf et al., 1985; GenBank accession (Halbert & Galloway, 1988) , and sequencing errors in the L1 and L20RFs (Parton, 1990; Xi & Banks, 1991) . In the L1 genes the majority of changes found were silent (at positions 6152, 6188, 6389, 6860 and 7058) or induced conservative amino acid (aa) changes (Table 1) . As a rule, silent nucleotide substitutions were found at aa positions conserved in other types of papillomavirus. In contrast, changes generating altered aa in L 1 were found at positions which were either variable or constant among different papillomavirus types (Table 1 ). The pattern of changes appears to be different in samples from the two geographic regions. The samples from Trinidad have in common changes at positions 5877 (changing N81 to D), 6188 (D184, silent), 6304 (D223 to G), 6616 (N327 to S), 6913 (A426 to V), and 6973 (F446 to S). These were found in three (t3, t17 and t49) out of four of the Trinidad samples but not in any of the British samples. The samples from Britain have in common change at nt 6432 (T266 to A) which was found in three (s27, s93 and s99) out of six samples; the same substitution was found in one of the Trinidad samples (t45). The latter also had a silent mutation at nt 6389 (R251) present in the British sample s9Y Therefore, L1 from the sample t45 appears to be closer to British isolates, according to the pattern of changes detected.
The guanine at nt 6240 introducing D instead of the H in the reference sequence (Seedorf et al., 1985) was found in all 10 samples examined. Screening of the EMBL databank has shown that among 50 papillomavirus sequences with the closest similarity to HPV16 L1, only D and E (rarely) occur at the corresponding position. The identical substitution at nt 6240 has been found in two samples from condylomata acuminata (Kirnbauer et al., 1993) . These authors also found substitution at nt 6432 identical to that found in our samples (s27, s93, s99 and t45), and substitution at nt 6216 (Vt94 to I) not found in our study. Taken together, these data mean that D at position 202 of the L1 sequence is the consensus residue and H at the corresponding position of the reference sequence (Seedorf et al., 1985) is therefore in effect a mutation. The D202 residue has been observed recently to have a very substantial effect on the assembly of viruslike particles from L1 protein produced in insect cells from recombinant baculovirus (50-to 100-fold increase in the yield of particles; Kirnbauer et al,, 1993) .
Four out of nine L1 variations (aa 81, 266, 273 and 446) identified in this study are located within the hydrophilic regions of Lt protein (Fig. 1) . These aa positions, and also aa 181,202 and 327 fall within the continuous B cell epitopes identified using HPV16 viruslike particles produced from recombinant vaccinia virus (Zhou et al., 1992) . Amino acid residues 181,202, 223, 327 and 426 are located within hydrophobic regions (Zhou et al., 1992) are shown below the hydrophilicity plot. The plot was created using GCG programs PEPT1DESTRUCTURE and PLOTSTRUCTURE with parameters of Devereaux et al. (1984) . (they have a negative hydrophilicity index) and may therefore to some extent be involved in interactions within the virus particle. This can explain the strong influence of the residue at position 202 on the efficiency of virus-like particle assembly observed by Kirnbauer et al. (1993) .
In all L1 genes a CAT codon between nt 6900 and 6902 (encoding S between aa 422 and 423) was present and a GAT codon (nt 6951 to 6953; D) was deleted (not shown in Table 1 and Fig. 1 ) confirming previous findings (Patton, 1990) . In a previous examination of a small segment of the HPV16 L1 gene a silent nucleotide change was observed at position 6557, leaving the phenylalanine residue at position 307 unchanged (Chan et al., 1992b) . This was not observed in any of the samples sequenced here.
The extent of variation in L2 was somewhat lower than that observed for L1 (Table 2 ). The L2 sequence of the Trinidad samples was identical to the published sequence after allowing for the sequencing error that was previously reported at nt 4363 (Xi & Banks, 1991) and confirmed in our study. In contrast, the British samples showed more variation in the L2 gene with silent nt changes at five positions and changes at nt 5039, 5043, 5224, 5279, 5367, 5379 and 5516 which induce aa substitutions within the carboxy-terminal half of the L2 protein (Table 2 ; Fig. 2 ). At one position, nt 5224, all four bases were seen in the third position of corresponding codon, giving both silent and conservative changes (Fig. 3) . Only L2 genes from the U.K. samples varied at this position; all of the Trinidad samples contained A at nt 5224, as in the reference sequence. Silent substitution at nt 4936 (Q234) was observed in five out of six U.K. samples; two out of six British samples had a transition at nt 5039 causing a non-conservative change of $269 to P269 (Table 2) . The functional significance of the changes seen in L2 is more difficult to assess than those in L1, since there is no clearly defined functional assay for L2. Empty particles can be assembled with L1 alone and the quantitative effect initially seen when L2 was added to L1 in the vaccinia virus system (Zhou et al., 1991) may be due to L2 increasing the local concentration of L 1 in the regions of the nucleus where assembly takes place. Where high levels of L1 were achieved, the addition of L2 had much less effect (Kirnbauer et al., 1993) . L2 may be essential only when DNA-containing particles are being made, as in the bovine papillomavirus type 1 system described by Zhou et al. (1993) where it was only the L1 plus L2 recombinant vaccinia virus which packaged DNA, although the recombinant expressing L1 alone produced virus-like empty particles.
Three distinct epitopes recognized by human IgG were found in the immunoreactive region encompassing aa 149 to 204 of the HPV16 L2 protein (Jenison et al., 1991) . Since the reactivity was detected by Western blotting this probably indicates that linear rather than conformational epitopes were being detected. In our study, only one silent substitution (position 4723) was found in the corresponding part of the L2 gene; neither of the L2 aa variations are located within this region (Fig. 2) . Our results suggest that alterations in the L1 sequence are not always related to those in the L2 sequence. For example the primary structure of L1 protein of the Trinidad isolate t45 is similar to that of L1 from the U.K. isolates, whereas the L2 protein of t45 has the same primary structure as the reference L2 (Seedorf et al., 1985) and L2 from the other Trinidad samples. However, detailed molecular epidemiology studies are required to clarify this phenomenon. In this study, we identified positions variable among L1 and L2 genes of HPV16 DNA present in clinical samples from Europe and the Caribbean. Since the biopsies were collected from high copy number lesions (Cuzick et al., 1992) , the HPV16 L1 and L2 variants identified may be fully functional, including their intrinsic self-assembly capability. Therefore, amino acid substitutions found within immunoreactive regions as well as those located in hydrophobic domains and conserved among different clinical samples should be taken into account in the design and construction of efficient prophylactic vaccines for HPV 16 based on virus-like particles.
